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OCHBATOXIN IN POULTRY FEEDSa TOXIC EFFECTS ON HENS 
INTRODUCTION 
Ochratox1n 1s a toxin produced by the fungus Aspergillus 
ochraceus W1lh. This 1s one of the poisonous metabolites, 
like aflatox1n, which when ingested by livestock, poultry, 
and human beings could produce toxigenic effects--so-called 
mycotox1coses. The fungus A. ochraceus 1s widely distrib­
uted 1n nature and often found in soil and vegetation. 
Scientists, while searching for causative agents of cer­
tain diseases not of bacterial, viral, or nutritional origin, 
conducted a series . of experiments a few decades ago using 
different species of fungi grown on food and feedstuffs. 
Toxic effects concurrent with antimicrobial activity of cer­
ta1� species of molds created problems in separating one 
effect from the other. With the advancement of research 
techniques such as chemical extraction, purification, and 
different biological assay procedures, these scientists were 
able to isolate the disease-causing molds, and the so-called 
mycotoxicoses caine to light. 
Schofield (1924) 1n Canada first reported on the nat­
urally occurring mycotoxicosis and reproduced the disease 
experimentally, using different species of molds (Aspergil­
lus species particularly) isolated in his labort,tory. He 
was not a mycologist, but studied the toxicity of varying 
levels of moldy sweet clover hay. With the type of fungus 
.2 -
prevailing on the substrata, he was able to induce in rab- · 
bits signs which closely resembled mild cases of sweet clo­
ver poisoning among cattle. 
Considerable progress has already been made in differ­
ent parts of the world in isolating the toxic and antibiotic 
strains of fungus found on contaminated foodstuffs of both 
plant and animal sources. Toxic metabolites of the genus 
Aspergillus causing aflatoxicosis (one of several mycotoxi­
coses) have been thoroughly reviewed since early 1960, 
whereas ochratoxin, another metabolite of the Aspergil�us 
species, which is supposed to be similar in toxic effects, 
has escaped extensive research. This toxin was first de­
scribed by Merwe et al. (1965) in South Africa. Reports 
so far available provide very little evidence regarding its 
toxicity in poultry and other species. 
Mold-damaged commodities, principally wheat and corn, 
have always been regarded as harmless and acceptable for 
use 1n animal feeds. This use has been a common practice 
in underdeveloped countries and to some extent in the rest 
of the world also. Recent developments indicate that the 
seriousness of mycotoxins must be recognized. 
REVIEW OF.LITERATURE 
As early as 1954, attention was focused on molds and 
mycotoxins and their effects on poultry when Forgacs ·and h1s 
co-workers investigated fungal isolates and reported their 
toxicity in day-old and older birds fed under laboratory 
conditions. Prior to this date, field reports of the so-
called hemorrhagic syndrome indicated that certain medica­
tions, such as some antibiotics and sulfa drugs, were re­
sponsible for this and other toxic manifestations. Other 
causes listed were submarginal levels of Vitamin K and toxic 
compounds of unknown origin found in stored soybeans. 
Forgacs and Carll (1962) reported that the typical hemorr­
hages in the tissues and internal organs might be caused 
by the 1ngesti.on of toxic fungal .metabol1 tes_ -formed by 
fungi multiplying in poultry feed. Fu�gi isolated from the 
feed_ were various strains of Aspergillus, Pen1c1llium,. 
Alternaria, and several unidentified strains. 
Turkey '1X" disease in the early 1960 1 s (Blount, 1961). 
was of great concern to those interested in the problem of 
mold toxins and has commanded gigantic research and control 
efforts. At the same time the discovery of liver tumors in 
trout raised in a commercial. hatchery in Ca1iforn1a and fed 
on dry rations directed further attention to mo d problems 
in feedstuffs (Wood and Larson, 1961). 
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The problem of toxic peanut meals is widespread, occur­
ring in more than a dozen countries, including the United 
States, Allcroft and Carnaghan (1963) have given details 
of the biological effects of Aspergillus flavus toxins, 
while Sargent et al. {1963} reviewed the chemistry and ori­
gin of the toxins. 
Aflatoxin 
Because little information 1s available on the metab­
olism of ochratoxin, a brief review of inf'ormation on afla­
toxin will be discussed, Many details of microbiology, 
chemistry, and toxicology of aflatoxin have been reviewed 
by Gregoriades ( 19·68}. 
Mode of Action 
The fungi of Aspergillus, Penicillium, and Alternaria 
groups may proliferate in the feed or other suitable media 
and then form toxic substances. These toxins, when· ingested 
along with the feeds, manifest their deleterious effects in 
several ways, Butler and Clifford (1965) have observed that 
aflatoxin in solution is readily absorbed from the gut of 
rats. rt appears in the liver and apparently undergoes, 
in part, metabolism to appear in milk. Within twenty-rour 
hours both this latter substance and aflatoxin are de-
tectable in milk by thin layer chromatography. There 1s 
the possibility that the toxin or its metabolite may become 
bound to a- tissue component an� hence be unextractable by 
the method used. Butler and Clifford have hypothesized 
why a liver lesion develops slowly over forty-eight hours 
and progresses up to a month , Aflatoxin or its metabolite 
has produced some irreversible changes in the surviving 
liver tissue , A report by Smith (1963) has shown that pur­
ified aflatoxins B1, G1, B2, and G2 reduced. the incorpora­
tion of c14-labeled leucine into protein of rat and duck­
ling liver slices. Aflatoxins did not appear to inhibit 
incorporation of labeled leucine into rat kidney slices, 
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but induced distinct vacuolation of monkey kidney cells with 
subsequent growth inhibition and cell destruction. 
Brown and Abrams (1965), reporting on the biochemical 
mode of action of aflatoxin in ducklings and chickens, con­
firmed the existence of breed differences in chickens' sus­
ceptibility to 0.5 ppm of aflatoxin B1 in their rations. 
Biochemical changes described in this report included a 
decrease in activity of some of the mitochondrial enzymes 
and dehydrogenases, coupled with a lowering of the rate of 
ATP synthesis. In turn, a suppression of protein synthesis, 
especially in the reduction of blood serum albumin, and an 
increase of certain plasma enzymes associated with severe 
liver lesions were noted. 
The works of Legator et al , (1965) , Legato (1966) , -
Friedman et al. - (1966) , Sporn et ai. (1966) , Zuckerman et 
ai". (1967) , Keyl et al. (1968) ,  and Moule and Frayssinet 
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{1968) on the probable sequence of events of aflatoxin on a 
biological system can be summarized as follows, the toxin 
enters the cell and passes into the nucleus; within a few 
hours after cell exposure the aflatoxin suppresses DNA syn­
thesis and mitosis; the inhibition of cell division and DNA 
synthesis leads to the maintenance of the cell in a nondi­
visible state. This results in an abnormal production of 
giant cells. It has been reported that aflatoxin B1 binds 
DNA in vitro and that in� aflatoxin B1 rapidly inhibits 
the uptake of components for the synthesis of RNA and lowers 
the ratio of nuclear RNA to DNA. The reduced synthesis of 
RNA results in an inhibition of messenger RNA, which in turn 
, results in decreased protein synthesis. 
Legator (1967) has also reported that aflatoxins cause 
brea�age and translocation in chromosomes of cultured human 
leukocytes. The con�equences of the ge·ne tic damage in cells 
may ·involve malignant and/or nonmalignant tumor formation 
and mutagenicity. 
Excretion 
Extracts of milk from cows fed toxic peanut meal have 
been reported to produce, in ducklings, liver lesions iden­
tical to those caused by aflatoxin B1 (Allcr�ft and Carnag­
han, 1963). DeLongh and co-workers (1964) obse ved that 
lactating rats were able to convert aflatoxin B1 to the 
milk toxin. Butler and Clifford (1965) confirmed that 
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aflatoxin B1 is readily absorbed from the rat gut and trans- · 
ported to the liver, where it is partially metabolized to 
the milk toxin. 
After a latent period ·of sixty minutes, ingested afla� 
toxin is readily excreted via the bile. Allcroft et al •. 
(1966), in the ,course of further studies, showed that when 
lambs were dosed with a mixture of aflatoxins and sacrificed 
two hours later, the milk toxin could be detected in extracts 
of 11 ver·, kidney, and urine. With- the wide occurrence of 
this metabolic product i-n animals ingesting aflatoxin, ·the 
name aflatoxin ·"M" was_ suggested for the compound. Holzap­
fel et al. (1966) reported that the compound present in 
milk-and urine following ingestion of aflatox1n B1 by rats, 
sheep, and cows is M1s aflatoxin M2 is a hydroxy derivative 
o� aflatoxin B2, usually- present in lesser amounts. They 
also reported that the LD50 value for aflatox1n B1, M1, and 
M2 for day-old Pekin ducklings was 12 ·mcg, 16.6 mcg, and 
62 mcg respectively. Masri and co-workers (1967) isolated 
crystalline aflatox1n M1 from urine and milk and confirmed 
the structure suggested earlier by Holzapfel et al. (1966). 
They suggested that the appearance or aflatox1n M1 in urine 
and milk 1s related to its presence preformed in the con­
centrates of aflatoxin B1 rather than exclusively to its 
"denovo" synthesis from B1• Finally, they foun 190 ppm 
of aflatoxin B1 1n dried milk, representing only about O. J 
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percent of the· ingested dose. These findings have been con­
firmed by Jacobson et al. (1969). 
Transmission 
W�ight and co-workers (1961) have successfully trans­
mitted asperg11los1s to incubating embryos which resulted 
in infected chicks. They have observed mold penetration 
within eight days after dusting embryonating eggs with spores 
of Aspergillus fum1gatus. 
Keyl et al. (1968) have reported the effect of feeding 
graded levels of aflatoxin to ;swine, cattle, and poll:ltry· 
on possible transmission of aflatox1n to milk, meat, and 
eggs. With the current chemical and biological methods· they 
could not establish the presence of detectable residue lev­
els· 1n tissues and/or eggs. They have, however, detected 
the presen.ce of. traces of aflatoxin B1 and M1 1n blood sam­
ples from cattle fed a ration containing 1000 ppb aflatox1n 
_ B1• Twenty-
_four hours. later when feed had been withheld, 
neither of these compounds �ere detectable, this fact in­
dicating the rapid clearance from the blood by the kidney. 
This would further indicate that blood and liver samples 
may possibly contain detectable aflatoxin residues, 1� suf­
ficient aflatoxin is ingested and not metabolized. 
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.Effects on Reproduction 
Hintz et al.. (1967) observed that feeding 450 ppb afla­
toxin B1 to swine had no effect on growth, ·spermatogenesis, 
pregnancy, lactation, and/or weight of offspring at six 
weeks of age. Feeding graded levels of aflatoxin to chicks· 
from one day o� age through nine weeks of production. Cot­
tier and co-workers (1968) reported that 18J4 ppb aflatoxin 
B1 retarded growth, decreased sexual maturity, increased 
mortality, and lowered egg production. Keyl (1969) 1n�i­
cated no evidence of aflatoxin residues in eggs from hens 
fed a diet containing 2700 ppb aflatoxin B1• There was a 
slight decrease in the hatchability of eggs from these hens, 
but body weights, feed intake, and numbers of eggs· laid 
were comparable to that of- the control group receiving no 
aflatox1n. 
In further studies, Cottier et al, (1969) observed the 
effect of continuous feeding of o, JOS. 610, and 18J4 ppb 
of aflatoxin B1 starting at one day of age on hatchability 
and subsequent performance of broiler-type chickens. The·. 
results indicated that the two lower J.evels of aflatoxin 
did not in�luence hatchab111ty of fertile eggs. Eggs from 
hens on the med1um and highest 1eve1s of aflatox1n showed 
poorer hatchabi11ty than eggs from hens fed the �o lower 
levels.· At the highest level no eggs hatched because of 
embryonic mortal.1ty during the first six days of incubation. 
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When hens were changed to a "O'' level ot' aflatoxin, hatch­
abil1 ty was naxmaL after six days on feed. Cottier and 
colleagues al.so did- not observe any deleterious carry over 
of aflatoxin from: hens to chicks. 
Ochratoxin 
OchratoXin is another toxic metabolite of the genus 
Aspergillus. As early as 1965, a group of South African 
workers first described ochratoxin A as a toxic metabolite, 
isolated from corn meal that had been inoculated with A. 
ochraceus -(Merwe. at al. 1965) •.. Asperg1llus ochraceus is 
widely distributed in nature and often found in soil and 
decaying vegetation.  Stored wheat w1 th a moisture content 
of more than 16 percent has been reported to be invaded by 
Aspergillus ochraceus. This species in the Far East has 
also been isolated. from the microflora of fermented fish 
preparations. rn. the United States, Patent No. 1313209 
covers the use a.r· A •. ochraceus for its ab1li ty to induce a 
desirable change_ br. flavor during the fermentation of coffee. 
Feeding moldy-wheat and soybeans with equal parts of 
a basal ration� Gregoriades (1968) observed several instan­
ces of high mortality and retarded growth in chicks in their 
first two weeks., · Ochratoxin was detected 1n .two samples and 
1dent1f1ed as tha toxic substance. 
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Chemistry 
Merwe et al. (1965) studied the structure of ochratox1n 
A (c20H18o6Ncl, mol. wt. 403). The infrared spectrum of 
ochratoxin A showed the presence of a carboxyl, a second-
ary amide, and a lactone group while a positive ferric chlor­
ide reaction pointed to the pres�nce of a phenolic hydroxyl 
group. Acid hydrolysis gave L-phenylalan1ne and an acid 
c1 1
H9o5c1. The methyl ester of this acid was reduced with 
lithium 'borohydride and gave a triacetate on acetylatlon. 
�he nuclear magnetic resonance spectra of c 1 1H9o5c1 acid 
4,-f. 
and the derived triacetate are only interpretable in terms 
of a dihydroisocoumarln system with a methyl group 1n posi­
tion J. The arrangement of different substituents on this 
system was determined by ultraviolet spectro�copy and color 
tests. With the observations above, Merwe and co-workers 
(1965) proposed the structure I for ochratoxin A as follows: 
C6 HsCH:i <!�
0
:H-C� 
Y,AH
3 
The proposed structure of ochratoxin A has been confirmed 
(Shotwell et al. 1968) with little modifications 
0-tr�-* CH H H A &-� 3 
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Detection of Ochratoxin and Solubility Properties 
Steyn and Merwe (1966) extracted the toxin from a sus­
pected sample and compared the chromatographic character­
istic developed in J:1 benzene-acetic ac1d using pure och­
ratox1n A as · a standard. Under ultraviolet light, ochra­
toxin A was observed at RF 0.35 as a green fluorescent spot. 
On being sprayed with 0.1 N aqueous NaOH, ochratox1n A ex­
hibited a bright blue fluorescence. In cases where unknown 
substances interfere w1 -th this method, or when additional 
proof is desirable, the results can be verified by thin 
layer chromatography on silica, using 12c2c� benzene-meth­
anol-acetic acid, or paper chromatography on Whatman No. 1 
paper with the system J: 1 propanol-JN aqueous ammonium car­
bonate. Shotwell et al. (1968) discussed thin layer chro­
matograph1·c techniques for detection of ochratoxin A in 
three solvent systems, glacial acetic acid, benzene, water 
(10:90:1) : methanol, glacial acetic acid, benzene (5:5:90) ; 
and toluene,  ethyl acetate, 90% formic acid (5:411) 1 and 
observed fluorescent green spots (on silica gel coated 
plates) . These spots turned blue when exposed to ammonia 
fumes, a property exhibited by ochratoxln A. Further evi­
dence that the substance could be ochratox1n A was its sol­
ubility 1n 0. 1 M NaHC03• 
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Toxicity 
Reports available so far in this area are not conclu­
sive. However t Kerwe et al. (1965) observed the toxic ef­
fects of feeding pure cultures of ochratoxin A to day-old 
ducklings and weaned white mice and rats. Three of five 
strains of Asperg11lus which produced ochratoxin caused 
death in all test animals, The acute toxicity was deter­
mined by feeding various dose levels in aqueous 0. 1 M NaHco3 
to groups of eight ducklings, each bird receiving 0.5 ml 
by tube into the. gizzard. The results gave an LD50 of ±25 
mcg, recorded six days after administration, which Merwe 
et al. have suggested to be in the same order as that of 
aflntoxin B1• · 
Auto:psy 
From studies of Merwe et al. (1965) , the livers of 
ducklings receivLng 20, 50, and 75 mcg ochratoxin showed 
acute fatty infiltration of parenchymal cells. The fat was 
present throughoQt the liver lobules from the portal tracts 
to the centrai ve1ns •. In.some liver cells, fat occurred 
1n the form of small.. discrete globules around the nucleus. 
In other cells, 1a.rge droplets of fat which displaced the 
nucleus to the per�phery of the cell were seen. In the 
latter case, extra-cellular fatty cysts were present. Occa­
sionally cells also showed intranuclear fatty vacuolation. 
2.50138 OUTH DAKOT "' ETAn: U TIVE ITY. LIBRA.BY 
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B1oassay 
Information available concerning the bioassay of ochra­
toxin is so far not conclusive. Verrett and co-workers 
(1964) outlined a very accurate procedure using chick em­
bryos in the assay of aflatoxin toxicity. Their work in­
volved the injection of test solutions in propyleneglycol 
base into fertile s. c. White Leghorn eggs by either of 
two routes, yolk or air cell, and the observation of the 
development of the embryos for the full twenty-one day incu­
bation period. A dose response was observed by using var­
ious levels of the toxin and relating this to the mortality 
at the time of hatching. The toxicity of aflatox1n B1 to 
the chicken embryo was greater when injected via the air 
cell route than when injected into the_yolk • . The LD50s 
(lethal dose at 50% mortality) obtained were 0. 048 and 0. 025 
mcg of pure crystalline aflatoxin B1 for _the yolk and air 
cell routes, respectively. Embryonic age and aflatoxin 
toxicity were also studied in this experiment. Single in­
jections into the yolk were made up to the fourth day of 
incubation, and air cell injections were made in embryos 
from one to eighteen days old. The results indicated that 
with both injection routes· the embryonic sensitivity to the 
aflatoxin decreased rapidly as the embryo age increased. 
The maximum toxic effect was obtained with pre-incubation 
injections. 
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. EXPERiffJENTAL PROCEDURE 
The original objective of this investigation was to 
compare the toxic effect of aflatoxin and ochratoxin on 
laying hens. As a result t feeding trials were conducted 
using both the toxins in the pullet grower and layer diets. 
However, the unavailability of pure aflatox1n made it nec­
essary to change the aflatox1n treatments after the second 
month to control diets. The ochratoxin stugies continued 
throughout the trial period. 
In this study fourteen-week-old SCWL DeKalb 131 pullets 
were randomly selected, wing banded, and reared in an envi­
ronmentally controlled cage house under twelve hours of illu­
mination per day. Ten feeding trays with eight cages each 
were randomly allotted to O, 1, 2, and 4 mg ochratoxin, and 
4 mg aflatoxin per kilogram of diet fed to two replicates 
of twenty-four pullets each. The pullets were vaccinated 
against Newcastle before the start of the feeding trial. Ini­
tial and final body weights were recorded at·the end of each 
four week period for each pullet. Feed and water were given 
ad 11bitum during the trial periods. Pure aflatoxin and och­
ratoxin isolated from cultured wheat were obtained from the 
Plant Science Department and mixed with the basal grower and 
layer diets. The basal grower and layer diets were formu­
lated according to the spec1f1cat1ons shown in ables 1 and 
2,. which are in excess of the National Research Council 
Table 1. Basal Diet Formulae 
Ingredients 
Ground yellow corn 
Ground oats 
Wheat middlings 
50% Soybean meal 
44% Soybean meal 
Meat scraps 
1?% Alfalfa meal 
Fish meal 
Dried whey 
Dicalcium phosphate 
Salt mix 
Ground limestone 
Vitamin mix* 
Amproliwn mix (25% )  
* See Table 2 
Ingredients 
Vitamin A 
Vita.min DJ 
Vitamin E 
Menadione 
{ Sodium B1sulfite) 
Riboflavin 
Pantothenic aci d  
Choline 
Niacin 
Cobalamine (B12 ) 
Grower Ration 
80 , 5  
5 , 0 
2. 0 
2. 0 
2, 0  
1. 0 
2. 0 
3.0 
0 . 5 
1.5  
0 • .5 
· 0. 1 
Table 2. Vitamin Mix 
Grower 
Amount in 
I . U .  2, 000 , 000 
1 . c . u .  500 , 000 
I. U. 5 , 000 
gm 1 
gm 4 
gm 8 
gm 100 
gm 24 
mg 6 
4 •. 5 
Layer Ration 
?5 . 0 
15. 0 
2. 0  
2. 0  
0 , .5 
5 . 0 
0 . 5 
Layer 
�ilogram 
4, 000, 000 
1, 000, 000 
5 , 000  
1 
4 
8 
10 0  
2 4  
6 
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requirements ( 1966) . The grower. diet was fed to twenty 
weeks of age after which the layer diet was continued for 
the rest of the trial period. Mortality, feed consumption, 
and weight gain were recorded during each four-week period 
up to twenty weeks of age. During the laying trials, addi­
tional information was recorded, i. e. age of maturity , egg 
production, feed efficiency in terms of dozen eggs produced, 
and percent hen-day production for each month after twenty 
weeks of age. Eggs produced from each treatment were saved 
one day a week and the egg size, Haugh unit, and shell .thick­
ness were recorded. 
All the laying hens were artificially inseminated and 
percent hatchability was recorded for each treatment in two 
hatching trials. All of the chicks from the second hatch 
were . saved and reared in thermostatically heated battery 
brooders for four weeks. The chicks were fed standard chick 
starter diets and feed consumption was recorded. Body 
weights were recorded both be fore and after the second and 
fourth weeks. 
Eggs from each of the treatments were homogenized and 
sent to the Station Biochemistry Department for analysis 
of selenium content. Eggs were also analyzed at the Plant 
Science Department for detection of ochratoxin and its met­
abolites. 
Pure ochratoxin in propylene glycol base was injected 
through the air cell at o ,  0. 05, 0. 1,  0. 2, o. 4 , o. 8 ,  and 
18 
1. 6 mcg to ten fertile eggs each on the . initial, 6th, 12th, 
and 18th days of incubation to determine the lethal dosage 
of the toxin. These eggs were obtained from SCWL hens that 
had not received diets contai ning known mycotoxins. 
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RESULTS A-ND DISCUSSION 
Gro_wing -Phase 
The results of the growth phase in this experiment 
are presented in Table J . They show that body weight gains 
were not influenced by the 4 mg level of aflatoxin where­
as the weight gains were reduced by the 2 and 4 mg levels 
of ochratoxin. Mortality was considerably higher in the 
groups fed 4 mg of ochratoxin ( 35. 4%) and moderate for the 
2 mg level (6 . 2% ) of ochratoxin during the first two weeks 
of the trial. No mortality W$S recorded in the rest of the 
treatment groups. Feed consumption was fairly uniform in 
all of the treatments. 
Laying Phase 
In this phase of .the experiment, pullets were fed layer 
diets at twenty weeks of age, using the same level of toxins 
as in the growing phase. Unavailability of pure aflatoxin 
made it necessary to change that treatment to control diets 
at the end of the second month of lay. The ochratoxin 
studies continued throughout the experiment. 
The data for the laying phase as obtained for each 
month are presented in Tables 4 through 1 0  • .  The age at first 
egg was somewhat reduced �or 1 mg level of ochr oxin and 
4 mg level of aflatoxin. The hens receiving the two and 
four milligram levels of ochratoxin did show considerable 
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Table 3. The Effect  of Ochratoxin and Aflatox1n 
on Growing Pullets 
Treatment Number Wt. Gain Feed Cons. Mortali ty 
@ 14-20 wks. per -
14 wks. Bird 
kg - gm % 
Basal 
Bep. 1 24 0. 21 2303 ----
Rep . 2 24 0. 25 240 3  
Basal + 
Ochratox1n 
l mg/kg 
0. 06 Rep. 1 24 2269 -----
Rep. 2 24 0. 06 2150 
Basal + 
Ochratoxin 
2 mg/kg 
Rep. 1 24 -0. 03  1?96 
Rep. 2 24 0. 01 2567 12. 5 
Basal + 
Ochratoxin 
4 mg/kg 
Rep. 1 24 -0. 26 2490 33. 3 
Rep. 2 24 -0. 19 2640 3? . 5 
Basal + 
Aflatoxin 
4 mg/kg 
Rep. 1 24  0. 18 2239 ----
Rep. 2 24 O. l? 2233 
Tab1e l}. The 
Age at 
Treatment First 
Egg 
wks. 
Basal 
. Rep . l. 22 
Rep. 2 22 
Basal + 
Ochratoxin 
1 mg/kg 
Rep. l 24 
Rep. 2 24 
Basal + 
Ochratox1n  
2 mg/kg 
Rep. l 27 
Rep. 2 27 
Basal + 
Ochratoxin 
4 mg/kg 
Rep. 1 ? 
Rep. 2 26? 
Basal + 
Aflatox1n 
4 mg/kg 
Rep. 1 24 
Rep. 2 25  
. 21 
Effect of Ochratoxin and Aflatoxi n 
on Hens in November 
Hen-Day Feed 
Egg Cons. / 
Prod. Hen/Day 
% gm 
45. l 60 
42.2 65 
19. 1· 81 
12. 6 71 
0. 1 46 
1 . 1 57 
--- 54 
0 . 7 · 56 
28. 4  92 
28. 4 95 
Feed/Doz. 
Eggs . 
kg 
1. 60 
1.85 
5 . 06 
6. 76 
-----
----
- -----
J. 88 
4.02 
Mortality 
% 
. . ---
4. 2 
---
22 
Table 5 .  Effect o f  Ochratox1n on Hens in December 
Hen-Day Feed Feed/ Egg Haugh Egg Mor- . 
Treatment Egg Cons . /  D oz . Size Uni t . Shell. tali ty 
Prod. Hen/Day Eggs Thick. 
% gm . kg gm mm % 
Basal 
Rep, 1 76 . 9 111 1. 71.,, 53 , 9 73 • 35 ---Rep, 2 78 , 5  110 1 , 68 55 . 2  76 • 35 4. 2 
Basal + 
Ochratoxin 
1 mg/kg 
Rep, 1 31 .7 95 J . 60 50 . 5 82 . 36 
Rep. 2 J0 . 2  92 J . 64 51 . 8  81 . 36 . 
Basal + 
Ochratoxin 
2 mg/kg 
Rep.- 1 1 •. 6 90 ---- 50 • .5 82 • 33 4. 2 
Rep. 2 5 , 4 98 .52 . 0  89 . 38 8 . J 
Basal + 
Ochratoxin 
4 mg/kg 
R ep .  l o . o  50 4. 8 
Rep. 2 o . o 41 ---- ---
Basal* 
Rep. 1 66 ,5 125 2.26 54. 6 76 . J7 
Rep , 2 65 . 2  125 2 . 29 54 , 9  76 • 35 
* This diet had included 4 mg of aflatoxin per kg 
of diet through November. 
2 3  
Table 6. Effect of Ochratoxin on Hens in January 
Hen-Day Feed Feed/ Egg Haugh Egg Mor-
. .  
Treatment Egg Cons. / Doz. Size Unit Shell tality 
Prod c Hen/Da,y Eggs Thick. 
% gm kg gm· mm % 
Basal 
Rep. l 77. 6  102 1. 58 57 . 8 72 • 39 4. 2 
Rep. 2 80 . 1  116 1. 74 56.8 70 • 39 
Basal + 
Ochratoxin 
1 mg/kg 
Rep. l 35. 8 91 3. 04 53. 3 77  . 42 4. 2 
Rep. 2 36. 8 96 J. 12 52. 6 75  • 39 
Basal + 
Ochratox1n  
2 mg/kg 
Rep. 1 5. 2 67 51. 3 80 • 38 4. 2 
Rep , 2 15. 7 61 4. 65 48. 6 79 • 37 4. 2 
Basal + 
Ochratoxin 
- 4 mg/kg 
Rep. 1 4J 4. 8 
Rep. 2 o .• 7 4J ---- -- 9 . 5 
* Basal 
Rep. l 6? . l 103. 2 1. 85 58 . 6 69 . 40 
Rep. 2 69 . 6  122 2. 11 - 59. 3 67 • 39 4. 2 
- *This diet had included 4 mg of aflatoxin per kg 
of diet th.rough November. 
Table ? . Effect of Ochratox1n on Hens 1n Pebrua.ry 
Hen-Day Feed Feed/ Egg He.ugh Eg-g Mor-
Treatment Egg Cons. / Doz. Size Unit Shell tality 
Prod, Hen/Day Eggs Thick. 
% gm kg gm mm % -
Basal 
Rep, 1 75 , 6  108 1. 71 57 . 9 70 . 40 
Rep, 2 76. 6 101 1. 59 57. 6  70 . 44 
Basal + 
Ochre.toxin 
1 mg/kg 
R .ep. ]. 34, 4  92 3. 22 54 . 2 73 . 41 4. 2 
Rep. 2 30. l 88 3, 52 .54, 2 73 , 40 4, 2 
Basal + 
Ochratox1n 
2 mg/kg 
Rep. 1 8. 2 62 9. 16 48. 9 82 • 37 · · . 4 . 2 
Rep, 2 10. l 80 9, 49 50, 7 73 , 39 
Basal + 
Ochratoxin 
4 mg/kg 
Rep, l 0. 7 66 46 . o 76 . 32 4. 8 
Rep. 2 . 55 53, 9 _67 . 40 ---
Basal* 
Rep. ]. 70 . 7 llJ 1. 92 59, 6  67 . 40 4, 2 
Rep. 2 75 . 7 134 2. 12 61. 4 70 . 41 
* This diet had included 4 mg of a�latoxin per kg 
of diet through November. 
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Table 8. Effect of Ochratoxln on Hens i n  Harch 
Hen-Day Feed Feed/ Egg Ha.ugh Egg Mor-
Treatment Egg Cons. I . D oz. Size Unit S hell tali ty 
Prod. Hen/Day Eggs Thick. 
% gm kg gm mm -J6 
Basal 
Rep. l 66. 9  115 2. 07 59. 0 68 • 38 
Rep. 2 72 . 9  130 2 . 14 .59. 6 68  . 38 
Basal + 
Ochratox1n· 
l mg/kg 
Rep. l J6 . 9  96 J . 14 .53. 9  69 . 36 4. 2 
Rep. 2 2 7. 4  93 4 . 06 .52 . 8  77 • 33 
Basal + 
Ochratoxin 
2 mg/kg 
Rep. ]. 8 . 9  68 9.19 50 . 4  81 . . Jo · 4 . 2 
Rep. 2 12. 0 86 8. 61 50 . 3  76 . Jl 
Basal. + 
Ochratoxin 
4 mg/kg 
Rep. ]. J . 2 90 ---- 47 . 0 ?l . Jl 
Rep. 2 9 . J 55 7. 13 53 . 9 77 • 35 4 . 8 
Basal* 
Rep. 1 73.8 149 2. 43 60 . 8  67 • 39 
Rep. ·2 63.3 112 2. 13 61. 8 66 • 38 ---
* This diet had included 4 mg of aflatoxin per kg 
of diet through November. 
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Table 9. Effect of Ochratox1n on Hens in April 
Hen-Day Feed Feed/ Egg Haugh Egg Mor-
Treatment Egg Cons. / Doz. Size Unit Shell tality 
Prod. Hen/Day Eggs Thick. 
� ';1 gm kg gm mm /0 
Basal 
Rep. 1 63.5 108 2. 04 61 , 9  71 . J7 
Rep. 2 67. 0 121 2. 17 58. 2 73 .38 
Basal + 
- Ochratox1n 
l mg/kg 
Rep. l 51. J 121 2. 8J 59. 1 72 . J4 4.2 
Rep. 2 52. 9 117 ..2. 65 61. 4 74 • 35 4. 2 
Basal + 
Ochratoxin 
2 mg/kg 
Rep. 1 11. 6 69 7.. 11 48. 8 83 . 29 4. 2 
Rep. 2 16. 9 86 6 , 11 50. 0 77 • 32 ---
Basal + 
Ochratoxin 
4 mg/kg 
Rep , l 4. 4 70 ----- 51. 0 69 • 32 ---
Rep , 2 7. 6 76 -- 4.8 
* Basal 
Rep. J_ 62. 9. 108 2. 05 60. 7 66 • 39 
Rep. 2 71 , 4  136 2. 28 61. 6 68 • 37 4. 2 
* This die t had included 4 mg of aflatoxin per kg 
of diet through November. 
2 7  
Table 10.  Effect of Ochratoxin on Hens in May 
Hen-Day Feed Feed/ Egg Haugh Egg . .  Mor-
Treatment Egg Cons. / D oz .  Size Uni t S hell tal1ty 
Prod. Hen/Day Eggs Thick. 
% gm kg gm mm % 
Basal 
Rep. J. 65 . 5 102 1 . 88 58 . 9  67 • 36 ---
Rep. 2 68. 4 124 2 , 18 58.8 64 . 36 4 . 2 
Basal +  
Ochratox1n 
l mg/kg 
Rep. J. 35 . 0 136 4 . 65 .56 , 3 69 .• .32 
Rep . 2 .38 . 9  119 - .3 ,  66 54.3  71 • .32 
Basal + 
Ochratox1n 
2 mg/kg 
Rep. J. 19. 8 59 J , 59 46 . 9 · 74 . Jl 8 . J 
Rep , 2 14 . S  87 7, 20 50. 8 73 . 29 
Bas�l + 
Ochratox1n 
4 mg/kg 
Rep. 1 1 . 1  63 ---- 5 . 6 
Rep. 2 --- 65 54. o 64 . J6 
Basal* 
Rep. 1 62 . J 81 1 . 56 60 . 0  58 · • 39 
Rep. 2 74. 7 lJl 2. 11 61. J 6J . 41 
* This diet had included 4 mg of aflatoxin per kg 
of diet through November. 
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delay in age at first egg. It is quite interesting that the 
hens on the 4 mg ochratoxin level d.1d not produce eggs and 
that they were emaciated and stunted in growth. Mortality 
was considerably higher on the 4 mg level of ochratoxin but 
at a reduced rate compared to the growth phase of the experi­
ment. The 2 mg level ranked next in severity. Statisti­
cally, no significant difference was observed in mortality 
from November, 1 969 , to May, 1 970. 
Number of Eggs Produced and Percent Hen-Day Production 
Egg production showed the typical increasing trend for 
hens on the basal diet, reaching maximum production at a 
faster rate than the treated groups (Tables 4 and 5) . A 
slower and more moderate rate was observed for hens on the 1 
mg level of ochratoxin and 4 mg aflatoxin. Hens on 2 mg och­
ratoxin started slowly in December ( Table 5) and maintained 
that trend throughout the experiment. A few eggs were re­
corded for hens on the 4 mg level of ochratoxin in March 
(Table 8) and April ( Table 9) ,  otherwise they laid no eggs. 
This could probably be due to hens consuming diets from the 
adjacent cages containing non-toxic or less toxic diets. 
This was corrected by putting cross wires in between the ca­
ges to cover the watering holes. Hence, they could eat noth­
ing but toxic diet and production ceased in Ma (Table 10) . 
Hens on the aflatoxin treatment were fed control diets 
from December on to the end of the study. A trend towards 
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improved egg production was observed in December and per­
formance was comparable to the control diets during the 
subsequent portion of the experiment. The improve_d egg 
production during the experimental period was highly sig­
nificant , typical of hens on the control diets. Egg produc­
tion was also found to be si�nif1cantly different (P <. o .  01) 
for the treatment groups compared to the controls for each 
month , indicating the detrimental effect of increasing lev­
els of ochratoxin 1n the diets. A significant difference 
( P  < . 01) observed among the replicates could possibly . be 
due to the individual . resistance of some hens. 
Percent hen-day production was greater for the control 
groups (43%) as compared to the treated groups in November 
( Table 4) and was maintained at a higher level ( 70% and 
above) during December, January , February, and March { Tables 
5 ,  6, ? ,  and 8). A slight but typical ·decline in percent 
hen-d.a.y egg production was observed for the control groups 
in April and May { 65.% and above) . Hens receiving a·flatoxin 
showed a reduced hen-day egg production (28. 4%) in November. 
Changing to control diets allowed for increased percent hen­
day egg production (Table 5) , comparable to the performances 
of the control groups thr9ughout the remaining period of the 
experiment. Hens receiving the 1 mg level of ochratoxin 
showed poor performance , starting at 15. 8% hen-day produc­
tion (November) with only JO to J6% hen-day production 
( Tables 5 to 10) during the later part of the experiment. 
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The inadvertent feeding of control diets for about two weeks 
to these groups during April increased percent hen-day egg 
production (.52% , Table 9 ) . After this was corrected, pro­
duction decreased to the previous level (Table 10) . The 
percent hen-day egg production was less than 1% for the 2 
mg level during November (Ta1:?le 9) and reached a maximum of 
1 7% in May (Table 10) . Hens on the 4 mg level of ochratoxin 
produced very few eggs which resulted in less than 1% hen­
day egg production throughout the laying phase. 
The d1�ferences in percent hen-day production for the 
control and treated groups were significant (P < . 01) for 
each month. This significant difference was highly corre­
lated with the increasing level of ochratoxin • . 
Data available regarding feed consumption per bird 
showed very little difference in November ( Table 4) . With 
the increase in number of eggs produced, feed consumption 
increased during the laying phase of the experiment. It  
can also be observed that with the increasing levels of 
ochratoxin, feed consumption was depressed. Hens changed 
to the control diets after the aflatoxin treatment, though 
their performance was similar, consumed comparatively more 
feed than the control bir4s. 
Feed efficiency ( expressed as kilograms of feed consumed 
per dozen eggs produced) was superior (1. 7 to 2) for the 
control groups throughout the laying cycle. Hens receiving 
increased 1evels of ochratoxin showed decreased efficiency 
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in converting feed. t.CI: aggs. Feed efficiency for the afla­
toxin treatment wa$ rramparatively lower than ror the control 
group (4. 4 vs . 1., 7 in. llovember, Table 4) during the period - . 
the hens were on tr-eatment . 
Egg Quali ty 
During December· there appeared to be no difference in 
egg size between the treatments (Table 5) . Hens fed the 
control diet maintained egg size between 51} to 60 grams dur- . 
1ng the experiment� Egg si ze decreased wi th increasing 
levels of ochratartn during January, February, March, and 
May { Tables 6 ,  7,1 it ,� and 1 0 ) . Hens that had received the 
aflatoxin treatm.en.t- when fed control diets produced larger 
eggs (60 grams and above) during the latter part of the 
experiment ( Tables r to.: 10 } .  
With the decreased production of the hens on ochratoxin 
treatments, egg 1.nte-x1ar· quality, as measured by the Haugh 
Unit , was found to re higher ( 74 to 80 and above) than for 
the control groul) Ctt.5-· to 74 and above, Tables 5 to 10) . 
Egg shell thickness was- not observably different among the 
treatments in December·, : January, and February (Tables 5 ,  6 ,  
and 7 ) . During the·. la:ttei; part of the experiment (March to 
May, Tables 8 ta 1..0 ) ,, a reduction in eggshell thickness was 
observable with tha fncreased levels of ochratoxin. This 
could possibly be du·e to the chronic effect of feeding ochra­
toxin which could_ have decreased the efficiency of hens in 
mobilizing dietary calcium for formation of the . egg shell. 
Selen1 um Content of E5gs from Hens Receiving Ochra toxin 
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From the data presented in Table 1 1  for selenium con­
tent of eggs, there was very little difference among dif­
ferent treatmeRts. The slight increase for eggs from hens 
receiving the 2 and 4 mg levels of ochratoxin ( 0 . 47 ppm and 
0. 48 ppm, respectively) over and above the control would 
not be significant. 
Bioassay of Ochratoxin Toxicity 
Table 12 shows the effect of ochratoxin on the embryo 
survival when inj ected at graded levels into eggs at O, 6, 
12 , and 18 days of incubation. The toxin was injected via 
the· yolk sac at the initiation of incubation due to the 
small size of the air cell. The rest of the injections 
were made into the air cell. 
The toxicity of ochratoxin was not greater to the chick­
en embryo when injected at ' 0 '  days compared to injection at 
6 and 12 days. This 1s evidenced by the greater survival of 
embryos injected at the ' 0 ' day in comparison to those in­
jected on the 6th, 12th, and 18th day of incubation. 
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Table 11. Analys1s · or Eggs for Selenium 
Treatment Selenium. Content Replicate Average 
Basal 
Rep. 1 
Rep. 2 
Basal +  
Ochratoxin 
l mg/kg 
Rep. 1. 
Rep. 2 
Basal + 
Ochratoxin 
2 mg/kg 
Rep. l 
Rep. 2 
Basal + 
Ochratoxin 
4 mg/kg 
Rep. 2* 
. 4J 
. 4? 
. 4J 
•. J8 
. so 
. 51 
. 48 
ppm 
. 45 
. 42 
. 48 
* No eggs were available from replicate l of 4 mg 
ochratoxin group. 
J4 
Table 12. Embryonic Assay of Ochratoxin Toxicity 
Ochratoxin Hatchability of Fertile Eggs 
per Egg Incubation Day for Inoculation 
0 6 12 18 
mcg % % % % 
o . oo 90. 0 100. 0 100. 0 90. 0 
0 . 05 50 . 0  o . o 12. 5 42. 9 
0. 10 30. 0 o . o o . o 42. 9 
0. 20 JO. O o . o o . o 28.6 
o . 4o 20. 0 o . o o . o 42. 9 
o . ao 10. 0* o . o o . o 14. J* 
1. 60 o . o 10. 0 12. 5* 14. J* 
* Weaklings, unable to walk. 
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The results also indicate that ochratoxin at o . 8 and 
1. 6 mcg incubating egg was highly fatal irrespective of the 
age of embryo. The LD50 was 0. 05 mcg of ochratoxin per egg 
for the yolk sac route. Data available for 6, 12, and 18 
day injections indicate that the w
50 
for the air cell route 
could be less than 0. 05 mcg �f ochratoxin per egg. Embryo 
survivals f'or the 18th day injections further suggest that 
the embryonic sensitivity to the different levels of · ochra­
tox1n decreases with the increase of age of the embryo. 
· The eggs from different levels of ochratox1n treated 
hens when examined by thin layer chromatography did not show 
the presence of any detectable ochratoxin. 
Hatchability and Progeny Growth 
The results of the hatchability trials are presented 
in Table 1 J. In both trials the performance of the control 
groups was superior (91 to 98% hatchability) and that of 
the groups receiving 2 mg ochratoxin was considerably poorer 
( 34 to 69% hatchability) . The hatchability for both the 4 
mg aflatoxin (36%) and 1 mg ochratoxin ( ?9 to 85%) treated 
groups was somewhat comparable to the control groups. 
The chicks f'rom the �econd hatch were saved and reared 
in heated battery brooders on a standard chick starter diet 
for four weeks. The perf'ormance in terms of weight gain 
and feed conversion are presented in Table 14. The initial 
body weights of chicks hatched from the ' 0 ' and 1 mg of 
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Table 13. Effect of Ochratoxin on 
Hatchability of Fertile Eggs 
* Fertile Chicks Hatchab111 ty of Treatment Eggs S et Hatched Fertile Eggs 
Hatch Hatch Hatch Hatch Hatch Hatch 
1 2 1 2 l 2 
no. no. no. no. % % 
Basal 
Rep. l 34 63 · 31 61 91. 1 96. 8  
Rep. 2 32 56 29 56 90. 6 100. 0 
Basal + 
Ochratoxin 
l mg/kg 
36 Rep. 1 32' 24 31 75 . 0  86 . 1  
Rep. 2 36 30 30 25  83 . 3 8J . J 
Basal + 
Ochratoxin 
2 mg/kg 
Rep. l. 3 21 l 15 33 . 3 71 . 4  
· Rep. 2 12 12 7 8 35 .0  66 . 6  
Basal** 
Rep. 1 43 -- 42 97 . 6 
Rep . 2 38. 28 73 . 6 
* No eggs were available from the ochratoxin 4 mg group. 
**These hens had received af1atox1n earlier. 
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Table 14. Growth Rate and Fe ed Efficiency of 
Fl Chicks of  Ochratoxin Treated H ens 
In1 ti al 0-2 Wks. 2-4 Wks . 0-4 Wks . Feed 
Treatment Body Weight_ Wei ght Weight Gain 
Weight Gain Gain  Gain Ratio 
gm gm gm gm 
Basal 
Rep. 1 40 BJ  124 206 J . 27 
Rep. 2 40 86 144 229 2 , 81 
Basal + 
Ochratoxin 
l mg/kg 
Rep. 1 39 77  149 226 2 , 99 
Rep. 2 J8 52 154 206 2 . 48 
Basal + 
Ochratoxin 
2 mg/kg 
·Rep . 1 36 72 1J8 210 2 . 67 
Rep. 2- 37 66 139 205 J . 08 
J8 
ochratoxin treated groups were quite comparable { 40. 0 g and 
J8 . 5  g, respectively) . The chicks of 2 mg ochratoxin treated 
hens were weak and smaller { 36 . 6 gram) when hatched. 
It has been observed further that chicks from the 1 and 
2 mg ochratoxin treated groups had gained 65 and 69 grams, 
respectively, by the end of the second week. 
than that of the control chicks ( 84 grams) . 
This 1s less 
At the end of 
the fourth week, however, the final weight gains for all 
the groups were comparable and no difference in feed effi­
ciency was observed. 
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GENERAL DISCUSSION -
The pullets were more susceptible to the higher levels 
of ochratoxin (2 and 4 mg per kg of die,t) when they were 
first placed on the diets, showing the highest death loss, 
morbidity, and evidence of stress at this time. They ap­
peared to attain resistance slowly and the mortality was 
reduced considerably towards the end of the experiment. 
Body weights of hens on the 4 mg ochratoxin level were mark­
edly depressed. The hens in this _treatment were emaciated 
and dull ( Figure 1) and did not attain sexual maturity dur­
ing the experiment. Delayed sexual maturity (age at first 
egg) was observed for hens receiving the lower levels of 
ochratox1n .  
The egg production for hens on the afla�oxin treatment 
was delayed and this was si�ificantly different (P < O. 01) 
from_ the control groups. The fact that when these · hens were 
fed the control diets they produced larger eggs and egg pro­
duction reached a normal level within a short period of time 
suggests that the aflatoxin did not cause permanent damage 
to the hens. To what extent damage was permanent for sur­
viving hens on ochratoxin is not clear at this time. 
Hens red higher levels of ochratoxin showed poor per­
formance in terms of egg production and quality. Although 
the overall performance was not poor for the I wer level of 
oc.hratoxin (1 mg per kg) , the highly significant difference 
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GENERAL DIS CUSSION . 
The pullets were more susceptible to the higher levels 
of ochratoxin { 2  and 4 mg per kg of diet ) when they were 
first placed on the diets, showing the highest death loss, 
morbidity, and evidence of stress at this time. They ap­
peared to attain resistance slowly and the mortality was 
reduced considerably towards the end of the experiment. 
Body weights of hens on the 4 mg ochratoxin level were mark­
edly depressed. The hens in this treatment were emaciated 
and dull ( Figure 1)  and did not attain sexual maturity dur­
ing the experiment. Delayed sexual maturity (age at first 
egg) was observed for hens receiving the lower levels of 
ochratoxin. 
The egg production for hens on the aflatoxin treatment 
was delayed and this was significantly different (P <  0. 01 )  
from the control groups. The fact that when these hens were 
fed the control diets they produced larger eggs and egg pro­
duction reached a normal level within a short period of time 
suggests that the aflatoxin did not cause permanent damage 
to the hens. To what extent damage was permanent for sur­
viving hens on ochratoxin is not clear at this time. 
Hens fed higher leveis of ochratoxin showed poor per­
formance in terms of egg production and quality. Although 
the overall performance was not poor for the er level of 
ochratoxin (1 mg per kg) , the highly signi ficant difference 
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Fi gure 1 .  V i sible  e ffects of  ochratoxin on laying hens . 
Top--basal di e t , bo ttom--4 mg ochratoxin per kg of  di et . 
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< 0. 01) observed 1ri egg�: P.roduced as shown by the percent 
n-day egg produc.ti.an. i.lluatra.tes the detrimental effect 
the ochratoxin . 
Brown and Abrams ( 1-9·65) observed elevations of liver 
lenium in chickens a.11� ducklings fed toxic levels of afla­
Based on these abservations 1 eggs were analyzed for 
lenium content to find_ out whether the metabolic disorders 
liver, caused by increased levels of ochratox1n in diet, 
uld influence the elevation of selenium content of the 
g. Because there were. n� differences detected, this as­
ct of liver function waa not damaged by ochratoxin treat­
nt. 
The failure to dete-c:t: ochratoxin in eggs by thin layer 
omatography was sim1I�- to the findings of Keyl and his 
sociates { 1968) who· failed to detect aflatoxin in eggs. 
From information ava±Iable for ha.tchability and growth 
formance of F1 chi..cks. an. standard chick starter diet, it 
conclusive tha� reed±ng_ ochratoxin to hens could influ- · 
e the hatchabillty· and.. the subsequent performance of 
ched chicks through. the: f.irst two weeks of their life. 
ever , the carry- a.v.e.r· aIT.e:ct of ochratoxin was overcome by 
end of the fourth. week� . and �pparently the toxin had 
n excreted or th� m�tabo:lic defect corrected. 
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SUMMARY 
An experiment was designed to study the toxic e ffect of 
aflatoxin and ochratoxin on growing pullets and hens, SCWL 
DeKalb 1 )1 pullets were fed o , · 1, 2, and 4 mg ochratox1n per 
kilogram of diet from fourteen weeks to one ye� of age and 
4 mg aflatox1n to twenty-eight weeks of age . Each diet was 
fed to two replicates of twenty-four pullets each, 
Data were obtained on feed consumption , _ age at first 
egg, egg production and quality, feed efficiency, and mor­
tality. Resu1ts have been presented on the hatchability of 
eggs from ochratoxin and aflatoxin treated hens and the sub­
sequent performance of F1 chicks from ochratoxin treated 
hens through four weeks of age.  Analysis for selenium con­
tent of eggs of ochratoxin treated hens, embryonic assay of 
ochratoxin toxicity, and detection of ochratoxin in eggs 
have also been included. 
Delayed sexual maturity and a lower rate of egg pro­
duction were observed for the 4 mg aflatoxin treated hens, 
but the toxicity observed with this level of aflatoxin was 
- considerably less severe than that of the 1 mg level of 
ochratoxin in the diet. With increasing levels of ochra­
toxin, the pullets became· very emaciated. The morbidity 
and mortality were considerably higher for the 1 and 2 mg 
treated groups than for the controls in the f st four-week 
period of the experiment. Percent hen-day egg production 
was depressed by· aII.. Ievels of ochrato:x:in. With the 4 mg 
level most of· th� pu�I te:ts that survived had not laid eggs 
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through one year' of age ., In the latter part of the experi-
ment, egg size was_� abs·erved to be reduced in proportion to 
the ochratoxin leve:I. !'ed. Egg shell quality was poorer in 
a similar manner •. 
The w
50 
was. approximately 0. 05 mcg of ochratoxin per 
egg when 1 njected through . the yolk sack route. Ochratox1n 
injected through the air cell was more toxic . Based on these 
observations, the.. embryonic sensitivity to the different 
levels of ochrat·ann_  de_creases with the age of the embryo. 
Feeding graded leveis� 0£ ochratoxin to hens has been ob­
served to reduce the. hatchab111ty of fertile eggs and to · 
depress subsequent: growth rate of the progeny for their first 
two· weeks _ 0£ ll.f.e.. However, the carry over ef:fect of ochra­
toxin was not obse:.t!ved: .. at the end of the fourth week. 
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APPENDIX 
Analysi s  of Variance : 
Month 
Diet 
Source 
Month X Diet 
Replicate 
Month x Replicate 
Diet x Replicate 
Month x Diet x Replicate 
APPENDIX 
Table 1. 
Percent Hen-Day Egg Production 
Table 2 .  
Mean Squares 
5030 . 669_'/'r* 
101429 . 15�· ,. 
912 . 84-416** 
296 . 15072 
80 , 54748 
291 . 21 
99, 758579 
Analysi s  o f  Variances Mortality 
Month 
Diet 
Source 
Month X Diet 
Replicate 
Month x Replicate 
Diet x Replicate 
Month x Diet x Replicate 
Mean Squares 
64 . 139988 
- · 116. 05534 
JZ. 732 432 
l1,9, 599199 
Jl, 08021  
64 , 477185 
45, 958183 
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